States scant and contradictory data exist as to whether trends in the overall declining age at menarche 1,2 vary by race/ethnicity and socioeconomic position (SEP), singly and combined. 5---9 Highlighting the biological relevance of age at menarche, evidence indicates age at menarche is influenced by nutrition from gestation through childhood, which is germane to girls' risk of becoming pregnant and predictive of chronic disease, for example, early age associated with increased risk for breast cancer and cardiovascular disease. 1---3 Socially, age at menarche matters for both girls' sense of themselves and how they are treated by others, with early maturation increasing the likelihood of girls being precociously sexualized and sexually harassed. 3, 4 Factors hypothesized to affect age at menarche range from material (e.g., impact of economic deprivation on nutrition) to psychosocial (e.g., association between childhood sexual abuse and earlier age of onset). 1, 2, 5 Consistent with trends in improved nutrition, robust evidence indicates that age at menarche has overall declined since the early 20th century in North America and Europe. 1, 2, 5 European and Latin American studies likewise indicate that lower age at menarche, once more common among affluent girls, has become more common among more impoverished girls, with the decline in age fastest among impoverished girls. 1, 10---13 In the United States, however, although some studies have reported that age at menarche and its decline are higher and faster among Black than among White girls (consistent with higher rates of poverty among the Black than among the White population), other studies have reported the reverse. 6---9 No US studies have analyzed US socioeconomic trends in age at menarche overall or by race/ethnicity. To address gaps and inconsistencies in evidence, we have presented novel data on 50-year social patterns and trends in age at menarche among US-born non-Hispanic Black and White women, stratified by SEP. Additionally, we have employed a metric developed in evolutionary biology-the haldane 14---16 -which scales the pace of change in population traits (phenotypic or genotypic) to biological generation, rather than calendar year, and which, although rarely used in human health research, provides a benchmark for gauging the tempo of change within and across humans and other species. 14 
METHODS
Our study base comprised women aged 25 to 74 years included in the National Health Examination Survey (NHES) I (1959---1962) 17 and the National Health and Nutrition Examination Surveys (NHANES) I---III (1971---1994) through NHANES 1999 NHANES ---2008 . 18 These surveys are nationally representative cross-sectional samples of the US noninstitutionalized civilian population and contain the only long-term US individual-level data on measured health characteristics and SEP; their survey design, data collected, and sampling weights are extensively documented online.
17, 18
We focused on women aged 25 to 74 years because by age 25 years most US adults have completed their educational attainment 19, 20 and because 74 years was the oldest age group common to all surveys. 17, 18 We restricted analyses to US-born non-Hispanic Black and White women (referred to as "Black" and "White," with these racial/ethnic categories conceptualized as social constructs that can affect health status and health care 21, 22 ) because they are the sole racial/ethnic groups identifiable across all surveys 14, 17, 18 and because restriction to US-born non-Hispanics avoids confounding by immigration status. 14, 23 Table 1 provides the number of adult women from each survey included in the study database.
Study Variables
Women in each survey were asked their age in years when their periods, or menstrual cycles, started. 17, 18 Answers were recorded as whole numbers. The only 2 consistently available SEP measures pertained to family income and education. We used both measures because their associations with diverse health outcomes may be independent and can vary over time, 19, 24, 25 both because of different causal pathways (e.g., income as linked to economic deprivation; education as linked to health illiteracy) and because of changing economic trends (e.g., between 1960 and 2008, employment and earnings for adults with less than a high school diploma sharply declined whereas the college wage premium increased considerably 20 ). A key advantage of this approach, by contrast to the US poverty line-which was initially set in the mid-1960s in relation to food (but not housing) costs and thereafter adjusted only for changes in the consumer price index 19, 27 -is that the 20 to 80 contrast is based solely on each year's income levels and can validly be compared over time and cross-nationally.
19,24

Data Analysis
We used linear regression analysis to estimate the magnitude of social inequalities in age at menarche within each survey, with analyses employing relevant sample weights. We first imputed data, using the Amelia II program version 1.6.4 (Gary King, Cambridge, MA) 28 for income and education, for which the percentage missing across surveys ranged 3% to 10% and 0% to 5%, respectively (Tables 1 and 2 ). We then used SAS version 9.2 (SAS Institute, Cary, NC) PROC SURVEYREG to estimate regression coefficients that accounted for survey weights and design effects. To combine multiple imputation results (5 data sets), we used SAS PROC MIANALYZE. We then used Stata version 12.0 (StataCorp LP, College Station, TX) to conduct weighted meta-analyses using random effects 29 for socioeconomic inequalities within each racial/ethnic group, adjusted for age, and inequalities between Blacks and Whites, adjusted for age and additionally adjusted separately for income percentile and education. The linear test for trend for proportion of age at menarche is 2 sided, as is the metaanalysis overall P value for heterogeneity 29 (with no assumption of a monotonic trend), and we considered the results statistically significant if P < .05, which we also did for the absolute difference parameter estimates whose 95% confidence intervals (CIs) excluded zero. Within each survey we also ascertained, by race/ethnicity and SEP, the percentage of women with early menarche (< 11 years) 8, 9 and tested for trends over time within each racial/ethnic SEP stratum.
For the haldane analyses, we followed standard practice for biological field studies 15, 16, 30, 31 and set the earliest survey (NHES I; 1959---1962) as baseline and then computed the haldane. Mathematically, the haldane, 16 which measures "rates in phenotypic standard deviations per generation" 15(p453) is expressed as follows:
where
and h = haldane, g = number of generations, m t2 = mean value at time 2, m t1 = mean value at time 1, n 2 = size of the population at time 2, n 1 = size of the population at time 1, s 2 2 = variance at time 2, and s 1 2 = variance at time 1. As the formula indicates, for a given effect size (the numerator), the smaller the N of generations, the larger the haldane and hence the greater change per generation.
To compute the haldanes, we set generation length equal to 20 years on the basis of trends in the mean and median age at first birth in the United States and their variation by education level. 32, 33 We then age-standardized the haldane by computing the age-standardized means and SDs across age strata, with weight defined by the year 2000 standard million. RESULTS Table 1 provides data on the number of Black and White women aged 25 to 74 years in each survey and their changing distributions of income and education. Across all surveys, Black women were from 1.8 times (lowest ratio) to 2.4 times (highest ratio) more likely than were White women to be in the lowest 20th income percentile, whereas White women were from 1.9 times (lowest ratio) to 5.1 times (highest ratio) more likely than were Black women to be in the 80th income percentile. Despite increasing gains in college education among both Black and White women, Black women since NHANES I were from 1.7 times (lowest ratio) to 2.5 times (highest ratio) more likely than were White Note. NHANES = National Health and Nutrition Examination Survey; NHES = National Health Examination Survey. Percentage socioeconomic distribution is on the basis of observed data; percentage missing is on the basis of total population (observed + missing). Technical details on the categorization of the racial/ethnic and socioeconomic data and determination of survey midpoint, generation length, and decades spanned for recall of age at menarche are available as a supplement to the online version of this article at http://www.ajph.org. a Weighted by survey demographic weights.
women to not have completed high school, whereas White women were from 1.6 times (lowest ratio) to 2.1 times (highest ratio) more likely than were Black women to have a college degree. The span of decades in which menarche occurred ranged from the first half of the 20th century for women in NHES I to the second half of the 20th century for women in NHANES 2005---2008 (Table 1) . As shown in Figures 1 and 2 (point estimates data available as a supplement to the online version of this article at http://www.ajph.org.), across surveys the average age of menarche declined overall among both Black and White women, but patterns differed by socioeconomic strata and race/ethnicity. Related, for the proportion with menarche at younger than 11 years (Table 2) , a significant linear trend for increase (more than double) occurred only among the women with lower, not higher, SEP. For example, among women with less than a high school education, the proportion with early menarche (< 11 years) increased, comparing NHES I to NHANES 2005---2008, from 4.0% to 11.8% among Black women (P = .003) and from 2.4% to 7.5% among White women (P = .013). For women with at least 4 years of college these proportions equaled 21.3% and 16.8%, respectively, among Black women (P = .757) and 3.3% and 5.4%, respectively, among White women (P = .224).
Among Black women, no significant socioeconomic gradient in age at menarche occurred in any survey, either for income percentile or education (Figures 1 and 2 Note. CI = confidence interval. a Difference compares 20th to 80th income percentile, adjusting for age. Finally, as shown in Figures 3 and 4 (point estimates data available as a supplement to the online version of this article at http://www. ajph.org), among Black women, haldane values for age at menarche were both positive (indicating increasing age) and negative (indicating decreasing age), whereas among White women, all haldane values were less than zero. Additionally, absolute values for the haldane of 0.3 or greater occurred solely in NHANES I---III, and we observed them in virtually all socioeconomic strata among Black women, but among White women these occurred solely in the lowest income quintile. 
DISCUSSION
Our novel analyses of 50 years of social trends in age at menarche among US-born non-Hispanic Black and White women demonstrate that although average age at menarche is declining in both groups, patterns vary by SEP and race/ethnicity. Among White women, comparing NHES I to NHANES 2005---2008, the socioeconomic gradient reversed, from an inverse (lower SEP, higher age) to positive (lower SEP, younger age) relationship. No socioeconomic gradient in age at menarche occurred among Black women in any survey or overall. Moreover, a significant linear trend (P < .05) for a more than double increase in the proportion of women with menarche at younger than 11 years occurred only among White and Black women with lower SEP. Lastly, high rates of change (absolute value of haldane ‡ 0. (all SEP strata) and low-income White women who underwent menarche before 1960. Our study had several limitations and strengths. First, we relied on adult women's recalled age at menarche. Longitudinal studies conducted since the 1970s, however, indicate high correlations (;0.7---0.8) between women's recalled age at menarche as an adult and reported age when a girl, with upward of 75% to 90% of women accurate within 1 year and with no evidence of differential recall by sociodemographic group.
35---39 Second, we used cross-sectional data for 6 periods, limiting causal inference, even as the surveys were reasonably spaced during the 50-year study period, thereby permitting assessment of trends among women whose onset of menarche spanned the entire 20th century. Third, because of data limitations, we could analyze 50-year trends only among Black and White women; however, restriction of our analyses to US-born non-Hispanic women ensured that results were unconfounded by immigration. 14, 23 Contributing to study strengths were (1) our reliance on nationally representative data for the US civilian population collected using standardized protocols 17, 18 ; (2) our employment of both income and education data, with the contrasts for income percentiles directly comparable over time (and cross-nationally) 19, 24 ; and (3) our use of rigorous statistical methods, taking into account sample design and weighting, 17, 18 and, via use of the haldane, 15, 16 assessing the pace of change per biological generation. 14,40 Had we set generation equal to 25 as opposed to 20 years, the value of the haldanes would have increased by 1.25 times, while leaving unaltered the greater range in earlier surveys. Assuming our findings are valid, the results raise important questions about whether major modifiable factors currently hypothesized to be determinants of age at menarche can adequately account for the observed social trends. Among these factors, the most plausible jointly involve childhood nutrition and economic deprivation, but inconsistencies are evident. Three lines of evidence are germane: (1) research indicating adiposity is inversely related to age at menarche 1---3,41 ; (2) post-1970 rises in US childhood obesity among all socioeconomic strata and racial/ethnic groups, albeit with rates higher among lower versus higher income and Black versus White girls 42 ; and (3) 20th-century trends in US childhood poverty, which declined from approximately 50% at birth among children born in the 1930s to approximately 20% among those born since the 1970s, with rates consistently higher among Black than among White children. 43 Considered together, trends in childhood poverty and adiposity are consistent with the following:
d an overall declining age at menarche among both Black and White women (including increasing proportion with menarche before age 11 years, observed among women with low SEP, likely reflecting the association of adult education with childhood economic circumstances 19, 24 ) and their larger pre-NHANES III haldane values (because of improved nutrition linked to large pre-1970 declines in childhood poverty followed by increasing adiposity in all groups); and d the reversing SEP gradient in age at menarche among White women (because of recently rising childhood obesity, especially in lower income girls); but inconsistent with the following:
d the absence of an SEP gradient among the Black women;
d the greater variability in haldane values for income compared with education among the White women, because adult education is typically deemed a better indicator of childhood economic conditions than is adult income 19, 24 ; and d the larger changes in the first part of the 20th century.
Nor can these last 3 findings readily be reconciled with trends in exogenous exposures hypothesized to increase risk of early menarche, for example, xenoestrogens 1---3,44 or in utero exposure to cigarette smoke, 1---3,45 especially if these exposures are linked to economic adversity. The observed social trends in age at menarche, moreover, are unlikely to be explained by leading hypothesized modifiable psychosocial factors for early age at menarche, that is, sexual or physical abuse or having an absent father (above and beyond economic hardship associated with lone parenthood). 1---3,46,47 Although no pre-1970 national populationbased data exist on 20th-century trends in US childhood physical or sexual abuse, recent evidence suggests US rates are either stable or possibly declining, while potentially remaining higher among children in lower income families (if not an artifact of differential reporting bias, with abuse among more affluent children more hidden). 48, 49 Additionally, the marked rise in US children living with their mother but not father (either solo or, increasingly, in a complex household with other adults, e.g., grandparents, other kin, or mother's cohabiting partner) occurred primarily during the 1960s through 1980s, especially for girls in lower versus higher income families and for Black versus White girls, with this trend since stabilizing (except for a new rise in single parenthood among both White and Black women with a college education). 50, 51 None of the trends in these psychosocial exposures are consistent with the following: Changes in gene frequency are also unlikely to explain the observed patterns because of the small number of generations involved, even as genetic mutations (e.g., in MKRN3) may be linked to risk of central precocious puberty (before aged 8 years) 52 ; changes in gene expression, affecting phenotypic expression of age at menarche, constitutes a more plausible explanation.
That our results include a mix of observed findings consistent and inconsistent with expected patterns suggests that more theorizing and research is required to understand both Note. We denoted haldanes with an absolute value of 0.3 or greater (shown by grey horizontal lines) as high and those with an absolute value of 0.2 to less than 0.3 as intermediate high. societal determinants of age at menarche and the social patterning of rate of change in this outcome. For example, 5 hypotheses potentially worth testing regarding the unexpected finding of no socioeconomic gradient in age at menarche among the Black women, which could not be examined in the NHES and NHANES surveys because of data limitations, are the following:
1. Black women were more tightly clustered than were White women in the low end of each demarcated socioeconomic stratum, thereby reducing the variation needed to detect socioeconomic gradients. Our findings on long-term social trends in age at menarche pose a challenge to several leading clinical, public health, and social explanations for early age at menarche. Reinforcing the population science insight that the causes of population differentials (over time or across populations) need not be the same as the causes of cases (variation within a given population at a given point in time), 21, 59 our results also point to the limitations of US analyses that focus solely on racial/ethnic differences in age at menarche, 5---9 without regard to SEP. Lastly, if we are correct that earlier versus later 20th-century declines in age at menarche were not only relatively greater but also biologically larger than phenotypic changes in traits typically observed in other species, the medical and social impact of current changes may be smaller, not greater, than are those associated with the earlier declines. j
